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SEPARATION AND IDENTIFICATION OF POLYCYCLIC 
AROMATIC HYDROCARBONS IN RUBBER DUST
CHAPTER I  
INTRODUCTION
The c o n tin u a lly  in c re a s in g  number of motor v eh ic le s  I s  perhaps th e  
most ou tstand ing  fe a tu re  of modern s o c ie ty . Even feudal and backward 
Spain has begun to  spawn motor v eh ic le s  In  such numbers th a t the  popu­
la t io n  r e fe r s  to  one popular model as th e  " b e l ly  bu tton" s ince  everybody 
has one. In  America, c o n se rv a tio n is ts  a re  becoming troub led  a t  th e  quan­
t i t y  of farm land  which I s  being gobbled up by th e  bu lldozer as e a r th  Is  
removed and long ribbons o f concre te  ex cre ted  to  provide roads th a t  a re  
overcrowded from th e  day they  a re  opened.
G reater numbers o f autom obiles mean n o t only g re a te r  q u a n ti t ie s  of 
exhaust fumes which have become exceedingly  troublesom e In  th e  atmosphere 
of m etro p o litan  a reas  b u t a lso  la rg e r  and la rg e r  q u a n tit ie s  of rubber 
which have been abraded In to  both a i r  and s o i l .  This l a t t e r  source of 
p o llu t io n  would p robably  be a n e g lig ib le  h e a lth  hazard  except fo r  the  
p resence In v e h ic le  t i r e  rubber of a v e c to r  fo r  a group of o rganic com­
pounds belonging to  th e  p o ly cy c lic  arom atic group which en te r the  rubber 
through th e i r  adhesion to  carbon b lack  used as a f i l l e r .  Some of th e  
compounds a re  carc inogens, and, though they  a re  g en era lly  considered
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i n e r t  in  rubber, they  can , under c e r ta in  c ircum stances, be a hazard  to  
h e a lth . In v e s tig a tio n s  re p o rtin g  the  presence of p o ly cy c lic  arom atics in  
th e  w aters of lakes and r iv e r s  suggest the  p o s s ib i l i ty  th a t  as th e  rubber 
has aged and abraded th e se  compounds have been re le a s e d  to  accumulate in  
s o i l  and w ater. The presence of these  p roducts fu r th e r  suggests the  need 
fo r  a n a ly t ic a l  techn iques fo r  follow ing th e i r  fo rm ation , accum ulation and 
deg radation  in  the  environm ent.
CHAPTER II
LITERATURE REVIEW
P o ssib ly  th e  e a r l i e s t  ind ictm ent of carbonaceous p roducts as a 
cause of d isea se  vas drawn by P e rc iv a l P o tt in  1775 (1 ). His in v e s t i ­
ga tio n  of soo t as a cause of s c r o ta l  cancer in  chimney sweeps was a 
c la s s ic a l  study  in  occupational cancer and has led  to  g re a te r  advances 
in  th e  knowledge of th e  cau sa tio n  and p reven tion  of tumor form ation 
than any o th e r l in e  of in q u iry ►
Paget (2) gave th is  d e sc r ip tio n :
The sk in  of the  exposed p a r ts  of the  body as w ell as of the 
scrotum which a re  more or le s s  covered w ith  soot becomes dry and 
seb o rrh e ic . Soot o u tlin e s  the  f in e  fo ld s  of the  sk in  and i s  
p re sen t p a r t ic u la r ly  in  th e  depths of the  rugae of th e  s c r o ta l  
sac where b lack  plugs o b l i t e r a te  th e  openings of th e  ex cre to ry  
ducts of th e  sebaceous g lands. These changes a re  fo llow ed by 
th e  development of sm all, b u t u su a lly  numerous, w arts which may 
dover densely the  g e n ita l re g io n .
F u rth e r ap p ro p ria te  comment i s  from C urling , quoted by Hueper (3):
These papillom atous form ations may p e r s is t  fo r  months or even 
y ears  w ithou t undergoing any fu r th e r  changes. However, some may 
become fix e d  a t  th e i r  base in  th e  course of time and may u lc e ra te  
l a t e r .  The edges of th e se  u lc e ra te d  ep itheliom atous d e fe c ts  a re  
e lev a te d , firm  and in d u ra ted , w hile  a f e t id ,  serous m a te r ia l exudes 
from th e  u lc e ra te d  su rfa ce . The u lc e r  and the  surrounding in d u ra ted  
area  g rad u a lly  spread , o fte n  form v e g e ta tiv e  excrescences, and may 
f in a l ly  involve the  t e s t e s ,  sperm atic  cord, p e n is , la rg e  femoral 
v e sse ls  and ingu ina l nodes. The cancerous growth may u ltim a te ly  
p e n e tra te  in to  th e  abdominal c a v ity  and a f fe c t  ad jacen t organs. 
M étastasés in to  th e  remote organs a re  r a r e .  R ecurrences a t  o ther 
p a r ts  o f the  s c ro ta l  sac a f t e r  lo c a l removal of the  f i r s t  growth 
a re  ev id en tly  freq u en t, e sp e c ia lly  i f  hazardous work i s  continued.
Second prim ary tumors may appear many years a f te r  th e  c e s sa tio n  of 
th e  exposure to  so o t. The h is to lo g ic  exam ination o f th e  cancerous 
le s io n s  in  th e  sk in  of chimney sweeps showed in  every case th e  
p resence  of c o rn if ie d  squamous c e l l  carcinom atous s tru c tu re s  ex­
h ib i t in g  a low degree of p r o l i f e r a t iv e  a c t iv i ty .
These observations o f more than  100 years ago, w hile  th e i r  d iscu ss io n  
of cause should be more c ircum spect, posed a ta rg e t  a t  which subsequent 
in v e s t ig a to r s  have s tru c k  t e l l i n g  blows. Though th e  exact mechanism of 
inducing cancer s t i l l  may be concealed , p ro te c tio n  from a dread d isease  
i s  p o s s ib le , indeed o b lig a to ry , by hyg ien ic  measures reducing  or p reven t­
ing c o n tac t w ith  th e  o ffend ing  agen t. These e a r ly  ob serv atio n s  and des­
c r ip t io n s  o f an occupational a s so c ia tio n  speeded up le g is la t io n  fo r  the  
p ro te c tio n  of th e  pop u la tio n  a t  r i s k  in  exposed s i tu a t io n s .
The su ffe r in g s  of v ic tim s of occupational d isease  i n i t i a t e d  the  a t ­
tack  on th e  problem of the  cancer which i s  assumed to  be caused, in  p a r t  
a t  l e a s t ,  by exposure to  a s p e c if ic  substance. In  1892 B u tlin  (4) showed 
th a t  w orkers developing s c r o ta l  cancer had an occupational exposure to  
p i tc h ,  t a r  and m ineral o i l .  In  1915 Yamagiwa and Ichikawa (5) produced 
cancer experim en tally  by p a in tin g  th e  ea rs  of r a b b its  w ith  coal t a r ,  
and in  1922 L e itch  (6) produced experim ental tumors in  mice by applying 
S c o ttish  sh a le  o i l  to  th e  s k in . Attempts made to  id e n t i fy  the  s p e c if ic  
chem ical substances which cou ld  be re sp o n sib le  fo r  sk in  cancers e s ta b ­
lish e d  flu o rescen ce  spectroscopy  in  th e  study of carc inogen ic  substances 
as an in d isp en sab le  tech n iq u e. S ir  E rnest Kennaway (7) and h is  coworkers 
d iscovered  th e  f i r s t  cancer-producing  hydrocarbon, l:2 :5 :6 -d ib e n z a n th ra -  
cene, and then  is o la te d  3 ,4-benzpyrene from p i tc h . This d iscovery  stim u­
la te d  sy n th e s is  and te s t in g  o f th e  hydrocarbons which were v a r ia tio n s  of 
d ibenzan th racene . Benzene r in g s  were added and su b tra c te d , a lk y l groups
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were s u b s t i tu te d  a t  d i f f e r e n t  p o s itio n s  in  the  nucleus o f th e  m olecule, 
hexagon r in g s  were rep laced  by pentagon r in g s ,  carbon atoms were rep laced  
by pentagon r in g s ,  and carbon atoms were rep laced  by n itro g en  and s u lfu r .  
According to  H ieger (8 ) , who reviewed in  d e ta i l  th e  h is to ry  of these  e f ­
f o r t s ,  th e  number o f compounds which have been te s te d  fo r  carcinogenic  
a c t iv i ty  must be counted in  thousands. Falk  (9) has l i s t e d  some of the 
im portant carcinogens w ith th e i r  re sp e c tiv e  carc inogen ic  potency, and a 
summary of th is  in fo rm ation  appears in  Table 1.
TABLE 1
CARCINOGENIC ACTIVITY OF POLYCYCLIC AROMATIC 
HYDROCARBONS FOUND IN VEHICLE TIRE RUBBER (9)
CCMPOUND ACTIVITY
1 ,2-benzpyrene very weak
3 ,4-benzpyrene strong*
1 ,2-benzanthracene weak




an than th rene negative
*3 ,4-benzpyrene i s  the  s tro n g e s t as w ell as th e  most ub iqu itous of 
th e  carc inogens.
Though w orkers in  modern so c ie ty  a re  no t exposed to  soo t in  th e  same 
manner as were th e  chimney sweeps of a cen tu ry  ago, th e  problem is  s t i l l  
around in  a more complex form. Carbon b lack  i s  an in g re d ie n t of many
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a r t i c l e s  o f c iv i l i z a t io n  and can be a h o s t fo r  3 ,4-benzpyrene and some 
of th e  o th e r carcinogens l i s t e d  in  Table 1. The m anufacturing p ro cess , 
p ro p e r t ie s ,  and nom enclature o f carbon b lack  a re  su cc in c tly  review ed by 
Nau (10) in  re p o r ts  of th e  r e s u l t s  of h is  re c e n t p h y s io lo g ica l s tu d ie s  
on sk in  c o n tac t ab so rp tio n , in je c t io n ,  and in g e s tio n  of th is  s t i l l  impor­
ta n t  in g re d ie n t of commerce.
Carbon b lack  i s  a component of two ub iqu itous products o f d a ily  
consumption, th e  automobile t i r e  and th e  food a d d itiv e . Thompson (11) 
has dem onstrated th e  c o n tr ib u tio n  of th e  autom obile t i r e  as an a i r  
p o l lu ta n t .  Nau (12), in  h is  s tu d ie s  o f carbon b lack  in g e s tio n , p o in ts  
out th e  ex ten s iv e  use of carbon black  as a co lo rin g  agent fo r  c e r ta in  
foods ( j e l l y  beans, ch o co la te , cand ies, gum drops, l i c o r i c e ) ,  and in  
inks and in  rubber goods used in  food p ro cessin g  (tub ing , conveyor 
b e l t s ,  j a r  l i d s ) .
F alk  (9 ) , in  a study re p o rtin g  th a t  e x tra c ts  of rubber s toppers  are  
carc inogen ic  fo r  th e  sk ins of mice, a lso  re p o r ts  the  is o la t io n  from ru b ­
ber s to p p ers  and automobile t i r e s  of e ig h t arom atic hydrocarbons. Py­
ren e , 3 ,4-benzpyrene, chrysene and a lk y l cyclopentenophenanthrene were 
id e n t i f ie d  by u l t r a v io le t  abso rp tion  s p e c tra  and by m elting  p o in t de­
te rm in a tio n s , and the  id e n t i ty  of another c r y s ta l l in e  p roduct, 1 ,12-benz­
p e ry len e , seems f a i r l y  c e r ta in .  Alkyl pyrene, 1 ,2-benzpyrene, and a lk y l 
1 ,2-benzanthracene have not been p o s i t iv e ly  id e n t i f ie d  because of th e ir  
o i ly  n a tu re . Since pyrene, 3 ,4-benzpyrene, 1 ,2-benzpyrene, and chrysene 
have long been described  in  th e  l i t e r a t u r e  as carcinogenic  and s in ce  the  
o th er fou r p o ly cy c lic s  a re  s t r u c tu r a l ly  r e la te d  to  carcinogen ic  compounds, 
th e  carc in o g en ic  p ro p e r tie s  of rubber s topper e x tra c ts  a re  no t su rp r is in g .
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While th e  stoppers  and the  autom obile t i r e s  used in  th e  s tu d ie s  of 
Falk (9) con tained  processed rubber, both n a tu ra l  and s y n th e tic  unproc­
essed rubber has been s tu d ied  by Bateman (13), J a r r i jo n  (14), and 
Kaye (15), who re p o r t  th a t  the  abso rp tion  sp e c tra  observed in  th e i r  
s tu d ie s  have no t been those of any known carcinogen . I t  seems, th e re ­
fo re , th a t  carcinogens a re  in troduced  during  th e  p ro cessing  of rubber, 
and, according to  Barron (16) and Noble (17), might e n te r  along w ith  
th e  c a ta ly s ts ,  th e  pigm ents, the  a n tio x id a n ts , or the  f i l l e r s .
Typical c a ta ly s ts  a re  m ercaptobenzothiazole and te tra e th y lth iu ra m - 
d is u lf id e ,  compounds con ta in ing  s u lfu r  and n itro g e n , which a re  no t a t  
p re sen t su sp ec t s in ce  th e i r  s tru c tu re  d i f f e r s  from th a t  o f any known 
carcinogen. Pigments used inc lude  bo th  o rgan ic  and in o rg an ic  compounds, 
some of th e  former being azodyes. However, th e  s t ru c tu re  of th ese
azodyes i s  n o t id e n tic a l  w ith  th a t  of any known carcinogen . Although
some of the  a n tio x id a n ts  a re  r e la te d  to  betanaphthylam ine, a known
carcinogen, Boyland (18) and Shear (19) have re p o rted  them to  be in ­
a c tiv e  on t e s t s  fo r  carc in o g en ec ity .
The f i l l e r  most w idely used in  th e  m anufacture of v e h ic le  t i r e  
rubber i s  carbon b lack , a product s im ila r  to  soot in  th a t  some forms 
of i t  co n ta in  carcinogen ic  su bstances. While a l l  carbon b lacks a re  
the product o f oxygen d e f ic ie n t combustion of carbonaceous f u e ls ,  th e re  
a re  many v a r ie t i e s  of the  product and much v a r ia t io n  in  methods of manu­
fa c tu re . Nau (10) summarizes the  four p rocesses of m anufacture as 
fo llow s:
a) The impingement or channel p rocess in  which f in e  p a r t i c le  
(h igh ly  agglomerated) b lacks a re  made e n t i r e ly  from gas.
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b) The lamp b lack  p rocess in  which a r e la t iv e ly  coarse  (h igh ly  
agglom erated) carbon i s  produced from a v a r ie ty  of o i l  p rod­
u c ts  .
c) The furnace p ro cess , using  e i th e r  gas or o i l  or b o th , in  which, 
by vary ing  th e  o p era tin g  co n d itio n s , b lacks of graded sphere 
s iz e  can be produced.
d) The therm al p ro cess , in  which hydrocarbon gases a re  used to  
produce coarse  b lacks which have r e la t iv e ly  l i t t l e  tendency 
to  agglom erate.
Because of th e  use of carbon b lack  in  rubber products th e  i d e n t i f i ­
c a tio n  of p o ly c y c lic  arom atic hydrocarbons (p o te n tia l  carcinogens) i s  of 
im portance. Falk  (20) analyzed 24 samples of commercial carbon b lack  
which in c luded  7 channel b lacks and 17 fu rnace  b lack s . He re p o rte d  th a t  
no p o ly c y c lic  arom atic hydrocarbons could  be e lu te d  from the  channel 
b lacks or from a few of th e  furnace b la ck s . In  most of th e  fu rnace  
b lack s , however, he id e n t i f ie d  7 arom atic hydrocarbons; pyrene, f lu o r an­
thene, 3 ,4-benzpyrene, an th an th ren e , 1 ,2-benzpyrene, 1 ,2 -benzpery lene , 
and coronene. This group of p o ly cy c lic  arom atic hydrocarbons i s  the  
same as th ose  which he a lso  id e n t i f ie d  as p re sen t in  processed  rubber 
(s toppers and v e h ic le  t i r e s )  except th a t  coronene which he found in  
carbon b lack  was n o t in  rubber and chrysene and the  phenanthrene de­
r iv a t iv e  which he d e tec te d  in  p rocessed  rubber were not found in  any 
carbon b lack .
CHAPTER III
THE CHEMISTRY OF POLYCYCLIC AROMATIC COMPOUNDS
The carcinogens c a l le d  p o ly cy c lic  arom atic hydrocarbons d iscussed  in  
Chapter I I  a re  a lso  sometimes r e fe r re d  to  as po lyarom atic , or p o ly n u c lear, 
hydrocarbons. The gen era l s t r u c tu r a l  form ula fo r  a m olecule of a po ly ­
c y c lic  arom atic hydrocarbon compound i s  as fo llow s:
or
The p o ly c y c lic  arom atic hydrocarbons, which a re  e s s e n t ia l ly  o d o rle ss , 
a re  s o l id s  a t  room tem peratu re , and although most of them a re  c o lo r le s s ,  
some a re  c o lo r fu l .  They have a low vapor p re ssu re  a t  room tem peratu re, 
b o i l  above 200°C and have high m elting  p o in ts . They a re  r e la t iv e ly  in ­
so lu b le  in  w ater and in  the  usual organic so lv en ts  bu t s l ig h t ly  more 
so lu b le  in  th e  arom atic hydrocarbons w ith  lower m olecular w eigh t. An 
in te r e s t in g  p ro p e rty  i s  th e i r  s o lu b i l i ty  in  p u rin es  which decreases 
w ith  th e  number of combined r in g s .  W eil-Malherbe (21) re p o r ts  th a t  w ith  
an equal number of r in g s ,  th e  angular c o n fig u ra tio n  i s  more so lu b le  than
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th e  l in e a r  arrangem ent. T heir s o lu b i l i ty  in  aqueous c a ffe in e  i s  used in  
the  physica l-chem ical t e s t  fo r  th e  carcinogen ic  potency of high b o ilin g  
petroleum  hydrocarbons. They absorb in  th e  u l t r a v io le t  and in f ra re d  r e ­
gion of th e  e lec trom agnetic  spectrum and many possess the  p ro p erty  of 
f lu o rescen ce . Some of them, as anthracene and diphenylhexadiene, possess 
the  p ro p e rty  of s c in t i l l a t i o n  and form complexes (p ic ra te s ,  s typhnates) 
which a re  used fo r  i s o la t io n ,  p u r i f ic a t io n , and q u a n tita tiv e  a n a ly s is .
C o lo rim etric  procedures c o n s is tin g  of id e n t i f ic a t io n  of the hydro­
carbon by means o f n i t r a t io n ,  trea tm en t w ith  p ip e ro n a l, trea tm en t w ith 
3 -n itro -4 -d im ethy lbenzaldehyde, or is a t in - f lu o re s c e n c e  spectrom etry , 
inc lude  both q u a l i ta t iv e  and q u a n ti ta tiv e  methods. The s e n s i t iv i ty  of 
some of th e  t e s t s  i s  in  th e  range of p a r ts  per b i l l io n .
In  a study of the  chemical contam inants in  c i ty  a i r ,  Wedgewood and 
Cooper (22) determ ined the p o ly cy c lic  arom atic hydrocarbons spectropho- 
to m e tr ic a lly  a f te r  chrom atographic sep a ra tio n  on alum ina. Bergmann and 
Gruenwald (23) described  how a m ixture of p o ly cy c lic  arom atic hydrocarbons 
can be sep a ra ted  by paper chromatography and made v is ib le  by exposure to  
u l t r a v io le t  l ig h t .
Since th e  abso rp tion  spectrum  of each compound is  so in d iv id u a l th a t 
i t  i s  sometimes re fe r re d  to  as a f in g e rp r in t ,  in f ra re d  abso rp tion  i s  a 
p a r t ic u la r ly  powerful to o l fo r  id e n t i f ic a t io n  of po ly cy clic  arom atic 
hydrocarbons. I t  i s  a d i f f i c u l t  technique to  apply , however, because 
the  compounds a re  not very con cen tra ted  in  the  source m a te ria l and they 
must be recovered  in  a h ig h ly  re f in e d  co n d itio n . A paradox then  a r is e s  
in  th e  a n a ly t ic a l  work s in ce  no id e n tify in g  spectrum  can be ob tained  un­
le s s  th e  substance i s  "pure" and no p u rify in g  technique can be p e rfec ted
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unless th e  a n a ly s t knows the  " id e n t i ty .” This same problem may a r is e  in  
gas chromatography.
Eby (24) used sev e ra l v a rie d  p o la rog raph ic  procedures fo r  p re d ic tin g  
tumor potency of h igh b o ilin g  petroleum  f r a c t io n s  co n ta in in g  p o ly cy c lic  
arom atic hydrocarbons. These methods made use o f th e  d if f e r in g  re d u c tio n  
p o te n tia ls  o f an thracene and o ther arom atic hydrocarbons. Polarography 
appears to  be about as s u i ta b le  fo r p re d ic tio n  of tumor potency as the  
Esso " c a f fe in e  number" method re p o rted  by Eby.
Sawicki (25), in  a re c e n t paper, d esc rib ed  very  s e n s it iv e  co lo r 
t e s t s  fo r  th e  q u a l i ta t iv e  and q u a n tita tiv e  d e term ina tion  of p o ly cy c lic  
arom atic hydrocarbons. B r i l l i a n t ly  co lo red  diaryIm ethane dyes are  
formed by th e  re a c t io n  of the  hydrocarbon w ith  benzal or p ip e ro n a l ch lo ­
r id e  in  t r i f lu o ro a c e t ic .  a c id . Colored complexes a re  formed by the  i n t e r ­
ac tio n  of p o ly cy c lic  arom atic hydrocarbons w ith  2 ,4 ,7 - t r in i tro f lu o re n o n e , 
according to  Gordon and Huraux (26). Some of th e  complexes a lso  show 
b r i l l i a n t  u l t r a v io le t  flu o rescen ce . Q u a li ta t iv e  in form ation  about th e  
s tru c tu re  of th e  unknown compounds can be d e riv ed  by observing the  co lo r 
and flu o rescen ce  df the  tr in itro f lu o re n o n e  complex on a paper chromatogram 
and by determ ining th e  s o lu b i l i ty  of th e  complex in  iso o c tan e  and e th y l 
a lco h o l.
Bergmann and Gruenwald (23) gave th e  d e ta i l s  of a refinem ent of paper 
chromatography in  which a m ixture of p o ly n u c lear hydrocarbons was sepa­
ra te d  and th e  in d iv id u a l spo ts made v i s ib le  w ith  a  spray of a 20 per cen t 
so lu tio n  of antimony p en tach lo rid e  in  carbon te t r a c h lo r id e .
In  some a n a ly t ic a l  s tu d ie s , la rg e  q u a n t i t ie s  of th e  p o ly cy c lic  
arom atic hydrocarbon compounds a re  needed and la rg e  amounts of m a te r ia l
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must be t r e a te d  to  o b ta in  adequate m a te r ia l fo r  s tu d y , p a r t ic u la r ly  in  
i n i t i a l  s tu d ie s  on compounds whose id e n t i ty  i s  no t known and where sev ­
e r a l  m illig ram s of m a te r ia l a re  needed fo r  proving the  s t r u c tu r e ,  d e te r ­
m ining m olecular w eigh t, and e s ta b lish in g  m elting  p o in t and b o ilin g  
p o in t d a ta . C leary (27 ), whose method and r e s u l t s  a re  ty p ic a l  of c o l­
umn work in  th is  a re a , used a long column, 26.5 inches by 0.15 in ch es , 
f i l l e d  to  a depth of 23 inches w ith  a s lu r ry  of a c tiv a te d  aluminum oxide 
in  cyclohexane. The aluminum oxide, p r io r  to  being packed in  th e  column, 
was heated  in  an a i r  oven a t  120°C fo r  72 to  96 hours and then  brought to 
equ ilib riu m  over 50 per cen t s u lfu r ic  a c id  fo r  a t  le a s t  36 hours. The 
m oistu re  con ten t of th e  alumina was then  13 to  13.5 per c e n t. Care was 
taken  to  keep th e  column from becoming dry . The sample was d isso lv ed  in  
cyclohexane and passed  in to  the  column in  th i s  so lv e n t. The column was 
then developed by a m ix ture  o f cyclohexane and e th e r .  A 3660-Angstrom 
u l t r a v io le t  lamp was used to  lo c a te  f lu o re sc e n t zones on th e  column and 
to  fo llow  th e  passage of th e  e lu te d  m a te r ia l . Tw enty-five successiv e  
f r a c t io n s  were then  c o lle c te d  from th e  column and examined spectropho- 
to m e tr ic a lly  in  th e  u l t r a v io le t  re g io n s . The substances were id e n t i f ie d  
by th e  p o s it io n  of d is t in c t iv e  absorp tion  bands.
H ost column procedures a re  of the  types d escribed  above. However, 
Kotin (28 ), Cooper (29 ), Wedgewood and Cooper (30), L indsey, e t  a l . (31), 
and K otin, e t  a l . (32) (33) (34) p ioneered  s tu d ie s  in  which column chro ­
matography on a c t iv a te d  alumina or s i l i c a  j e l ,  w ith  a g re a t v a r ie ty  of 
developers rang ing  from benzene and iso octane  m ix tures through those  in ­
volv ing  e th e r , methanol and petroleum  e th e r . Was used fo r  prim ary d iv i ­
s io n . The columns used in  th ese  s tu d ie s  were sh o rt columns, and in  many
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cases poor sep a ra tio n  was th e  r u le  r a th e r  than  the  excep tion .
The f a i lu r e  of th e  sh o rt columns to  achieve t o t a l  sep a ra tio n  of the  
compounds rep re sen ted  among th e  p o ly c y c lic  arom atics led  to  th e  develop­
ment of methods using  paper chromatography. C onsiderable success in  the  
use o f th ese  methods i s  re p o rte d  by T a rb e ll (35) in  h is  paper on the  
sep a ra tio n  and p u r i f ic a t io n  of 3 ,4-benzpyrene and o th er p o ly c y c lic s . In  
th i s  work a s t r i p  of Whatman's No. 1 f i l t e r  paper was s a tu ra te d  w ith  r e ­
d i s t i l l e d  N,N- dimethylformamide and allow ed to  a i r  dry fo r  one hour. One 
m ic ro li te r  of sample in  benzene was ap p lie d  a t  a marked spo t near th e  
lower end of th e  paper and d rie d  by a stream  of n itro g en . The paper was 
then  l e f t  overn igh t fo r  e q u i l ib ra t io n  in  a chamber s a tu ra te d  w ith  th e  
developer of hexane s a tu ra te d  w ith  N,N-dimethyIformamide, a f te r  which 
the  bottom end o f the  paper was immersed in  the  developer. When the  
so lv en t f ro n t had ascended about 16 inches on the  paper, the  s t r i p  was 
removed and in sp ec ted  under u l t r a v io le t  l ig h t  which rev ea led  the  p o ly ­
c y c lic  compounds re a d ily  v i s ib le  as s e p a ra te  sp o ts .
There a re  many o th e r methods of paper chromatography. Some employ 
descending so lv en t f ro n ts  w hile  o th e rs  vary  the  p ro p o rtio n s  of so lv en t 
c o n s t i tu e n ts .  The c h ie f  d isadvantages of techn iques invo lv ing  paper 
chromatography a re  th e  long p e rio d s  of tim e re q u ire d  fo r th e  develop­
ment, th e  i n s t a b i l i t y  of th e  paper to  re a g e n ts , and the  bulky and cum­
bersome developing tan k s .
Major d isadvantages in h e re n t in  paper chromatography can be over­
come by the  newer th in - la y e r  methods, in  which th e  theory  of sep a ra tio n  
i s  e s s e n t ia l ly  the  same as th a t  fo r  column and paper chromatography.
In  th e  th in - la y e r  technique th e  ad so rb en t, e i th e r  c e l lu lo s e , c lo se ly
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p a ra l le l in g  sep a ra tio n s  on pap er, or the  alumina or s i l i c a  u su a lly  r e ­
s t r i c t e d  to  columns, may be spread  in  a th in  lay e r on a g la ss  p la te  and 
e a s i ly  t r e a te d  w ith  re a g e n ts , a procedure d e s tru c tiv e  to  paper s t r ip s  
and r e s t r i c t e d  or im possib le  on columns. The cumbersome apparatus of 
columns and j a r s  may be rep laced  by the  sm alle r , more convenient and 
more economical re c ta n g u la r  ta n k s . F urther advantages l i e  in  the  ease 
w ith  which experim ental adsorbents and developers may be t r i e d  out on a 
p i l o t  b a s is  w ith  sm all g la ss  p la te s  such as m icroscope s l id e s .  However, 
th in - la y e r  chromatography w i l l  no t so lve a l l  th e  problems in h e ren t in  
the  study of p o ly c y c lic  arom atic compounds. Some problems remain s o l ­
v a b le  by columns on ly , p a r t ic u la r ly  those in  which la rg e r  q u a n ti t ie s  on 
the o rder of m illig ram s a re  needed.
In  th e  use o f th in - la y e r  chrom atographic techn iques, Sawicki (36) 
has developed a su ccessfu l method fo r th e  de term ination  of 3 ,4-benzpyrene 
in  a i r  p o llu ta n ts  and has a lso  rep o rted  co n sid e rab le  success w ith  a num­
ber of o th e r p o ly c y c lic  arom atic hydrocarbons. His method was e s s e n t ia l ly  
one of benzene e x tra c tio n  of th e  c o lle c te d  p a r t i c l e s ,  followed by sp o ttin g  
of th e  benzene e x tra c t  on c e llu lo se  p la te s  and developing w ith a m ixture 
of N,H-dimethylformamide and w ater. He a lso  used , from among th e  many 
p o ss ib le  v a r ia t io n s ,  such com binations of adsorbents and developers as 
alumina w ith  pentane and e th e r  as developer and c e llu lo se  a c e ta te  w ith 
e th an o l, to lu en e , and w ater as developer.
In  some cases p o ly cy c lic  arom atic compounds r e s i s t  sep a ra tio n  from 
the  m a te r ia l in  which they a re  embedded, p a r t ic u la r ly  those p re sen t in  
p rocessed  ru b b e r. At th e  Oklahoma U n iversity  I n s t i t u t e  of Environmental 
H ealth , dim ethyl su lfo x id e  and N,H-dimethyIformamide a re  being explored
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as p o ss ib le  so lv en ts  fo r  the  d ire c t  e x tra c tio n  of p o ly c y c lic  compounds 
from carbon b lack  and processed ru b b er. N,N-dimethy 1 formamide has a lso  
been found u se fu l as a so lv en t when determ ining th e  ab so rp tio n  sp e c tra  
of recovered  p o ly cy c lic  compounds.
The most so p h is tic a te d  technique fo r the  d e term ina tion  of po ly ­
c y c lic  compounds involves th e  use o f g a s - liq u id  chrom atography, a type 
of in s tru m en ta tio n  which combines th e  p r in c ip le s  of bo th  se p a ra tio n  and 
id e n t i f ic a t io n .  In  a g a s - liq u id  p a r t i t io n  system , th e  sep a ra tio n  of the 
components i s  achieved on th e  b a s is  of th e  d if f e r in g  p a r t i t i o n  c o e f f i ­
c ie n ts  between a s ta t io n a ry  phase and a m obile phase in  th e  column. The 
s ta tio n a ry  phase i s  a l iq u id  norm ally having a very  h igh  b o ilin g  p o in t. 
The m obile phase i s  an in e r t  gas g en era lly  r e f e r r e d  to  as th e  c a r r i e r .
G as-liq u id  p a r t i t io n  columns a re  of two g en era l ty p e s , th e  packed 
column and th e  c a p il la ry  column. In  the  packed column, th e  s ta t io n a ry  
phase i s  uniform ly coated upon an in e r t  g ran u la r s o l id  support most 
commonly prepared  from a m a te r ia l such as diatomaceous e a r th  w ith  p a r­
t i c l e  s iz e  ranging  from 20 to  140 mesh o r , in  some c a se s , g la ss  beads 
or T eflon . Diatomaceous e a r th  i s  advantageous in  th a t  i t  w i l l  r e ta in  
up to  30 per cen t (by w eight) of l iq u id s  and s t i l l  be dry enough fo r 
convenience in  packing in to  a tu b e . In  c a p i l la r y  column ty p e s , th e  
l iq u id  phase i s  coated d i r e c t ly  onto th e  w a lls  of an open tu b u la r  or 
c a p il la ry  u n i t  w ith  no s o l id  support provided .
The column i s  in s ta l l e d  in  th e  instrum ent in  such a way th a t  th e  
c a r r ie r  gas continuously  flows through i t .  A sm all q u a n tity  of the  
sample m ix ture  to  be sep ara ted  i s  in je c te d  in to  th e  c a r r ie r  gas 
stream  through th e  in je c t io n  p o r t  of the  instrum ent from which i t
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i s  c a r r ie d  in  a body onto th e  column. The in d iv id u a l components of the  
sample move through th e  column a t d if f e r e n t  v e lo c i t i e s ,  th e  v e lo c ity  of 
th e  component dependent upon i t s  p a r t i t io n  c o e f f ic ie n t  (sym bolized as K) 
between th e  l iq u id  phase and th e  c a r r ie r  g as. The p a r t i t i o n  c o e f f ic ie n t  
of a compound i s  d e fin ed  as th e  r a t i o  of th e  co n cen tra tio n  of m olecules 
in  th e  l iq u id  phase to  th e  co n cen tra tio n  in  th e  gas phase a t  any given 
moment. The la rg e r  th e  p a r t i t io n  c o e f f ic ie n t ,  th e  more slow ly th e  com­
ponent w il l  t ra v e rs e  th e  column. In d iv id u a l components eiAerge from the 
column and pass through th e  d e tec to r which, in  co n junction  w ith  a r e ­
co rd er, g en era te s  a h i l l  and v a lle y  c h a rt on which th e  h i l l s  or peaks 
re p re se n t pure compounds.
The c h ie f  problem in  adapting  th e  gas chromatograph to  a p a r t ic u la r  
s i tu a t io n  i s  th e  s e le c t io n  of a s u i ta b le  column. I t  has been rep o rted  
th a t  a s i l ic o n e  rubber column m anufactured by V arlan Aerograph of Walnut 
Creek, C a l ifo rn ia , when used w ith  a flame io n iz a tio n  d e te c to r , i s  s u i t r  
ab le  fo r  se p a ra tio n  of p o ly cy c lic  compounds in c lu d in g  3 ,4-benzpyrene (37). 
S p e c if ic a tio n s  fo r  t h i s  column a re  3 per cen t SE-52 on Aeorpak 30, 100- 
120 mesh packed in  a s ta in le s s  s te e l  column 10 f e e t  long and 0.0625 inch 
in  o u ts id e  d iam eter.
A search  o f th e  l i t e r a t u r e  re v e a ls  th a t  no p rev ious e f f o r t s  have 
been made to  determ ine th e  u ltim a te  f a te  of p o ly c y c lic  compounds a f te r  
th e i r  passage in to  ru b b er. That rubber d e te r io ra te s  i s  w e ll known.
What happens to  th e  p o ly c y c lic  arom atic hydrocarbons during  th is  p roc­
ess i s  of p o te n t ia l  p u b lic  h e a lth  in t e r e s t .
CHAPTER IV
PURPOSE AND SCOPE
This study was conceived as one asp ec t of re sea rc h  in  p ro g ress  a t  
th e  U n iv e rs ity  of Oklahoma I n s t i tu te  of Environmental H ealth  in  which 
some df th e  h e a lth  problems re la te d  to  rubber dust exposure a re  being 
s tu d ie d . The broad study , begun in  January 1962, i s  e n t i t l e d  "Occupa­
t io n a l  H ealth  Hazards o f Rubber D ust."  One o f i t s  o b je c tiv e s  i s  to  
determ ine whether rubber dust abraded from commercial p rocessed  rubber 
and dep o sited  by in h a la tio n  in  s ig n if ic a n t  amounts in  th e  lungs of 
v arious sp ec ie s  o f animals can be a ffe c te d  by th e  subsequent in h a la ­
t io n  of exhaust g ases . One way th is  e f f e c t  could be m an ifest would 
be by th e  e lu t io n  of p o ly cy clic  arom atic hydrocarbons and a consequent 
in c re a se  in  tumor form ation . F u rth e r , i t  seeks to  determ ine whether 
th e se  d u s ts  a re  s ig n if ic a n t  occupational h e a lth  hazards as a i r  p o llu ­
ta n ts  and carcinogens.
The presence  of p o ly cy clic  arom atic hydrocarbon compounds on c a r ­
bon b lack  and subsequently  in  p rocessed  rubber makes abraded rubber a 
p o ss ib le  source o f carcinogens. The o b je c tiv e s  of t h i s  p a r t ic u la r  in ­
v e s t ig a tio n  w ere, th e re fo re , as fo llow s:
a) To develop a procedure fo r  r e a d ily  determ in ing , w ith economy 
of tim e and equipment, whether p o ly cy c lic s  a re  p re sen t in  
questioned  m a te r ia ls , p a r t ic u la r ly  carbon b lack  and processed
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ru b b e r.
b) To id e n tify  th e  p o ly cy c lic  compounds found.
c) To determ ine whether th e  assortm ent of p o ly cy c lic  compounds 
found in  carbon b lack  i s  th e  same as th e  one p re sen t in  th e  
p rocessed  rubber in  which th e  carbon b lack  was employed as a 
f i l l e r .
d) To e s ta b lis h  the  in flu en ce  o f the  p rocesses o f m anufacture, 
age, and ab rasion  on th e  p o ly cy c lic  compounds as they pass by 
way of carbon b lack  through v eh icu la r t i r e  rubber.
A review  of th e  l i t e r a tu r e  has in d ic a ted  th a t  p o ly cy c lic  arom atic 
compounds tend  to  occur to g e th e r as a group or asso rtm en t, p a r t ic u la r ly  
during the  incom plete combustion o f carbonaceous m a te r ia ls .  We might 
th e re fo re  expect to  recover an assortm ent or " s e t"  of p o ly cy c lic  arom atic 
compounds from a sample of carbon b lack  or v eh icu la r t i r e  rubber in  which 
carbon b lack  was used. A means of comparing th e  assortm ents of po ly- 
c y c lic s  would provide some inform ation  about th e  in flu en ce  o f p ro cessin g , 
aging and wear on th ese  compounds. Before in q u iry  can be made, a te c h ­
nique must be developed fo r  determ ining th e  p o ly cy c lic  "asso rtm en t,"  
"p o p u la tio n ,"  or " s e t ."  O lder s tu d ie s  have done th is  by id e n tify in g  
each compound in d iv id u a lly . This study w il l  deal w ith methods fo r  com­
p arin g  m ixtures o f p o ly cy c lics  from two sources as w ell as fo r  id e n t i fy ­
ing compounds wherever p o ss ib le .
Completion of th ese  o b je c tiv e s  w il l  make a v a ila b le  a method fo r 
re a d ily  m onitoring th e  assortm ent of p o ly cy c lics  p re sen t in  various 
c ircum stances. L ijin sk y  (38) rep o rted  th e  recovery  of 3,4-benzpyrene 
and o th e r po lynuclear hydrocarbons from charcoal b ro ile d  m eat. He
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ra is e d  th e  question  of th e  o r ig in  o f th e  p o ly cy c lic s  and p resen ted  some 
data fo r  th e  view th a t  th e  p o ly cy c lic s  were formed from th e  p y ro ly s is  of 
f a ts  in  the  h e a t. A technique fo r  review ing th e  p o ly cy c lic s  assortm ent 
in  th e  charcoal befo re  i t s  use as a fu e l  would answer some of th e  ques­
tio n s  as to  when they o r ig in a te d .
N ie ls  Dungal (39) p resen ted  d a ta  in d ic a tin g  th a t  th e  p o ly cy c lic s  
found in  th e  r a in  w ater used by cancer v ic tim s were formed in  some manner 
o ther than by the  p y ro ly s is  of f a t .  He showed th a t  one la rg e  geographi­
c a l ly  i s o la te d  group su ffe re d  a h igh inc idence  of g a s t r ic  cancer because 
of th e i r  monotonous d ie t  o f smoked m eats, p a r t ic u la r ly  mutton and salmon. 
The cancers were presumed a t t r ib u ta b le  to  th e  p resence of an i r r i t a . .^  
anthracene (a p o ly cy c lic  and m ild  carcinogen) and 3,4-benzpyrene (a 
strong  carcinogen) in  smoked m eats. The o r ig in  of th e  3,4-benzpyrene 
was no t immediately apparen t. However, another geographic group in  Ic e ­
land which a te  l i t t l e  smoked meat had an in e x p lic ab ly  high inc idence  of 
g a s tr ic  cancer. Their so u rce .o f 3 ,4-benzpyrene and o th er p o ly cy c lic s  was 
drink ing  w ater ob ta ined  from th e  ro o fs  o f th e i r  houses which were heated  
w ith fu e l o i l ,  th e  soo t from which found i t s  way to  th e  r a in  b a r re l  and 
u ltim a te ly  to  th e  g a s t r ic  mucosa. Researches o f th is  k ind presage a wide 
use fo r  a n a ly t ic a l  procedures which can be qu ick ly  and convenien tly  ap­
p l ie d . The scope of the  d is t r ib u t io n  of p o ly cy c lic  compounds i s  such 
th a t  ra p id  survey methods a re  needed fo r  d e fin in g  th e i r  w hereabouts, 
co n cen tra tio n s , and even tual d eg radation .
The in c reased  use of a sp h a lt and o th e r petro leum  products i s  such 
th a t  evdr in c re as in g  numbers o f people a re  exposed o ccu p a tio n a lly  or 
ro u tin e ly  to  th e  substances them selves or to  th e i r  by-products, bhuS
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in c re a s in g  th e  need of a technique fo r  comparison of p o ly c y c lic  com­
pounds in  th e se  substances. An exam ination o f  c rim in a l reco rd s  re v e a ls  
th a t  even in  fo re n s ic  a reas i t  would be h e lp fu l to  have such a technique 
fo r  comparing the  ro o fin g  compounds of b u rg la r iz e d  b u ild in g s  w ith  th e  
besm irched c lo th in g  of robbery su sp e c ts .
F alk  (40), as a r e s u l t  of a study of aqueous p ro te in  s o lu tio n s , 
p re se n ts  some evidence th a t  3 ,4-benzpyrene was ra p id ly  e lu te d  from 
rubber dust under circum stances somewhat s im ila r  to  those  encountered 
in  th e  mammalian lung. A method fo r ra p id  comparison of p o ly c y c lic  s e ts  
from d if f e r e n t  sources would be exceedingly  u se fu l in  s tu d ie s  o f th is  type.
CHAPTER V
MATERIALS AND PROCEDURES
Since th e  c h ie f  purpose of th is  study vas to  compare assortm ents of 
p o ly c y c lic s , i t  was n ecessary  to  s e le c t  th re e  fundamental s ta r t in g  m a te ri­
a ls :  carbon b lack , abraded rubber from new t i r e s ,  and abraded rubber from
o ld  t i r e s .  The carbon b lack  se le c te d  was fu rn ish ed  by th e  B. F. Goodrich 
Company of Miami, Oklahoma, who id e n t i f ie d  i t  as of the  type and grade 
used in  th e i r  v eh icu la r  t i r e s .  The Goodrich Company fu r th e r  s p e c if ie d  
th a t  th e  carbon b lack  was an In te rm ed ia te  Super Abrasion Furnace b lack  
manufactured by th e  fu rnace  p ro cess . Falk  (9) has shown th a t  furnace 
b lack s  a re  a l ik e ly  source of p o ly cy c lic  arom atic hydrocarbons.
One sample o f th e  rubber abradings used fo r  the  a n a ly t ic a l  work was 
fu rn ish ed  by th e  U nited S ta te s  Bureau of Standards who id e n t i f ie d  i t  as 
having been abraded from new t i r e s  m anufactured by Goodrich, F ire s to n e , 
Goodyear, and U. S. Royal in  such manner as to  d u p lic a te  th e  form ation of 
abradings by wear on highways. I t  was, however, mixed w ith  ab rasiv e  m ate­
r i a l s  which served  in  th e  mechanical fu n c tio n  of abrading .
Another sample o f abraded rubber was provided by lo c a l r e tr e a d  shops 
and co n sis ted  of an accum ulation o f abradings from a wide v a r ie ty  o f o ld  
t i r e s .  This sample was considered  re p re se n ta tiv e  of t i r e  rubber which 
possessed th e  p ro p e r tie s  o f both age and wear.
In  fu r th e r  expansion of th is  work, i t  was decided to  apply the
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a n a ly t ic a l  method developed fo r recovering  and d isp lay in g  p o ly cy c lic  a ro ­
m atic confounds to  b io lo g ic a l t is s u e  in  an e f f o r t  to  m onitor th e  u ltim a te  
f a te  of th e  compounds in  a fun c tio n in g  organism. T issue from the  lungs 
of monkeys exposed to  both channel and furnace b lack  was a v a ila b le  fo r  
study .
Treatm ent o f a l l  samples was th e  same in  th e  i n i t i a l  e x tra c tio n  to  
recover th e  p o ly c y c lic s . A weighed sample was p laced  in  the  thim ble of 
a Soxhlet e x tra c to r  and e x tra c te d  fo r a 24-hour p e rio d  w ith  b o ilin g  r e ­
d i s t i l l e d  benzene.
I t  was found from base l in e  c a lc u la tio n s  th a t  a l l  of th e  benzene 
e x tra c ts  in  t h i s  study  p o ss ib ly  contained  p o ly cy c lic  arom atic compounds. 
This was p re lim in a ry  evidence th a t  the  p o ly cy c lic  con ten t of both  th e  
carbon b lack  and v e h icu la r  rubber was the  same. The nex t o b je c tiv e  was 
to  apply th in - la y e r  chromatography in  in i t i a t i n g  sep a ra tio n  o f the  po ly ­
c y c lic  compounds in to  an assortm ent of in d iv id u a l sub stan ces . The f a c t  
th a t  each p o ly c y c lic  compound e x h ib its  a d i s t in c t  flu o rescen ce  spectrum 
is  o f g re a t va lue  in  fo llow ing  the  compounds through a n a ly t ic a l  tre a tm en t. 
Several adsorben ts and developing so lu tio n s  were t r i e d  fo r  th e  th in - la y e r  
chrom atographic s e p a ra tio n  befo re  a s u ita b le  one was found. Since the  
outcome of th e se  se v e ra l t r i a l s  may be u se fu l in  applying th in - la y e r  
methods to  o th e r m a te r ia ls ,  th e  d e ta i ls  a re  re p o rted  in  th e  s e c tio n  on 
r e s u l t s .  I t  was found th a t  the  b e s t th in - la y e r  adsorbent fo r  th ese  p a r ­
t i c u la r  s tu d ie s  was a  powdered c e llu lo se  o f the  tradename MN C ellu lo se  300 
m anufactured by th e  Machery Nagel Company and d is t r ib u te d  in  th e  United 
S ta te s  by th e  Brinkman Instrum ents Company of W estbury, New York.
The adsorbent s lu r ry  of c e llu lo se  was spread on g la ss  p la te s  which
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were about 0 .25 inch in  th ick n ess  and 8 inches square . The adsorbent was 
ap p lied  to  th e  g la ss  p la te s  by use of an a d ju s tab le  sp reader m anufactured 
by Desaga and d is tr ib u te d  by Brinkman Instrum ents Company. The b e s t r e ­
s u l t s  were ob ta ined  w ith an adsorbent th ick n ess  of 250 m icrons, a s e t t in g  
re a d ily  a v a ila b le  on the  a d ju s tab le  d e liv e ry  gate  o f th e  sp read e r. The 
c e l lu lo s e  s lu r ry  was prepared by mixing 15 grams of c e l lu lo s e  powder and 
90 m i l l i l i t e r s  of w ater in  a Waring B lendor. This q u a n tity  of s lu r ry  
was enough fo r  5 p la te s  8 inches by 8 inches in  dim ension. A fte r the  
p la te s  were coated  w ith th e  s lu r ry ,  they were oven d r ie d  a t  110°C fo r  30 
m inutes and then p laced  in  a d e s ic a to r  u n t i l  ready fo r  use .
Benzene e x tra c ts  of carbon b lack  and o ther samples were sp o tted  
d i r e c t ly  on th e  c e llu lo se  p la te  in  5-m ic ro li te r  q u a n t i t ie s  by th e  use 
o f  a m icrop ipet operated  by a screw type c o n tro l. Because o f the  awk­
wardness and lack  of p re c is io n  in h e re n t in  the  recommended o p e ra tio n  of 
the  m icrop ipet and i t s  c o n tro l as a u n i t ,  the  procedure was m odified . A 
sh o rt s e c tio n  of sm all diam eter rubber tubing  was connected to  th e  p ip e t 
a t  one end and to  th e  bottom of th e  p ip e t  co n tro l a t  th e  o th er as shown 
in  F igure  1. Movement of th e  screw p u lle d  the  plunger fo r  a vacuum which 
was then  t ra n s fe r re d  to  the  p ip e t by way of the  rubber tu b in g . The p ip e t 
c o n tro l was mounted perm anently on a r in g  s tand  w ith th e  len g th  of rubber 
tub ing  serv ing  as a quick and convenient attachm ent to  the  p ip e t .  The 
u n it  was very  maneuverable w ith  th e  screw co n tro l u n i t  mounted in  a fix ed  
p o s it io n  and operab le  w ith  the  l e f t  hand. The t ip  o f th e  p ip e t was moved 
by th e  r ig h t  hand to  th e  d e s ired  p o s it io n  on th e  c e l lu lo s e  p la te s  and in  
a sw if t motion could be removed from th e  tub ing  fo r  r in s in g  or re p la c e ­
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Figure 1. P ip e t c o n tro l w ith  an assembly of tub ing  and a m icro­
p ip e t .
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p la te ,  i t  was evaporated by a c u rre n t of warm a i r  from a h a ir  d ry e r. The 
p la te  was then  ready fo r  development in  a chrom atographic chamber.
The chambers fo r  th is  study  were prepared from hollow  g la ss  b u ild in g  
b lo ck s, 10 by 12 by 4 inches in  o u ts id e  dimension and la rg e  enough in s id e  
to  h o ld  th e  g la ss  p la te s  on which th e  adsorbent was sp read . One end of 
each b lock  was cu t o f f  and rep laced  w ith a p la te  g la ss  l i d .  The chambers 
were l in e d  w ith  f i l t e r  paper which was sa tu ra te d  w ith  th e  developer, a 
m ixture  of N,N-dimethylformamide and water in  equal p o r tio n s . The bottom 
of each tank was covered w ith  the  developer to  a depth of 0.125 inchi 
A p iece  of Saran wrap was s tre tc h e d  over the  m oistened rim  of th e  tank 
and w eighted w ith  a g la ss  l i d  so th a t  the  atmosphere in  th e  tank  might 
become sa tu ra te d  w ith  the developer. In  approxim ately 2 hours, or as 
soon as an equ ilib riu m  was e s ta b lish e d , two of th e  c e llu lo se  p la te s ,  
th e i r  lower margins sp o tted  w ith  th e  samples, were p laced  in  each tank 
fo r  development. They stood  in  the  developer to  a le v e l ju s t  below th e  
s p o ts , and the  developer moved up the  adsorben t, t r a v e lin g  to  w ith in  1 
in ch  o f th e  top in  2 to  3 h o u rs . At the  end of th i s  tim e they were ex­
amined in  th e  dark room under th e  rays of a 3660-Angstrom u l t r a v io le t  
lamp. Examination rev ea led  a s e r ie s  of f lu o re sc e n t spo ts  or zones de­
n o tin g  th e  presence of an assortm ent of f lu o re sc e n t compounds.
B a s ic a lly  chromatography c o n s is ts  of a two-phase system. One phase 
i s  f ix e d  and i s  termed th e  s ta t io n a ry  phase. This phase may be a s o l id  
as in  ad so rp tio n  chromatography (T sw ett's  o r ig in a l  method) or a l iq u id  
h e ld  by a s o l id  as in  p a r t i t io n  chromatography which may be contained  in  
a column or formed in  sh ee ts  or s t r ip s  o f c e l lu lo s e  as in  paper and th in -  
la y e r chromatography. P o ly cy c lic  compounds sep a ra te  on th e  th in - la y e r
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p la te  because of th e  d if fe r in g  p a r t i t i o n  c o e f f ic ie n ts  between th e  mobile 
phase and th e  w ater s a tu ra te d  c e l lu lo s e .  The mobile phase fu n c tio n  was 
performed in  t h i s  study by the  N,N- dimethylformamide and the  s ta t io n a ry  
phase by th e  w ater sa tu ra te d  c e l lu lo s e .
When viewed under u l t r a v io le t  l ig h t ,  th e  spo ts developed in  th is  
study  showed a sep a ra tio n  in to  s ix  d i s t in c t  components or zones as 
shown in  F igu re  2. Each component was v is ib le  under u l t r a v io le t  l ig h t  
as a se p a ra te  and d is t in c t  f lu o re sc e n t sp o t. There was considerab le  
v a r ia t io n  in  co lo r among th e  s ix  spo ts  or zones observed.
As a s tan d ard  fo r comparison a s e r ie s  of known p o ly cy c lic  compounds 
was sp o tte d  and developed on th in - la y e r  p la te s ,  each standard  being com­
pared  w ith  a p a r a l l e l  development from th e  benzene e x tra c t  of th e  m a te r i­
a ls  s tu d ie d . P o lycyc lic  compounds used fo r  standards were as fo llow s: 
flu o ran th en e , 3 ,4-benzpyrene, pyrene, benz (a^anthracene-7 ,12-dione, 
1 ,2-benzpyrene, an than threne, coronene, an thracene, naphthalene, phenan- 
th re n e , and 1 ,12-benzpery lene. These compounds were se le c te d  because 
F alk  (9) (20) had rep o rted  th e i r  p resence in  rubber and in  carbon b lack . 
Eastman Kodak Con^any of R ochester, New York, and th e  A ldrich  Chemical 
Company of Milwaukee, W isconsin, fu rn ish ed  th e  standard  compounds which 
were s p e c if ie d  as zone re f in e d  and h ig h ly  p u r if ie d .
As soon as th e  separa ted  sp o ts  or zones had been numbered fo r  p o s i­
t io n  and compared w ith  the  s tan d a rd s , they  were d e lin ea ted  w ith  a d is ­
se c tin g  n eed le  by c le a r in g  o ff  a narrow pa th  surrounding the  zone.
The d e lin e a te d  zones were removed w ith  a microvacuum c lean e r ap­
p a ra tu s  s im ila r  in  design to  th a t  described  by Hagen, Dunlap and 
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g la ss  f ib e r  (cu t from a Cambridge f i l t e r ,  Phipps and B ird , Inco rp o ra ted , 
Richmond, V irg in ia )  was pushed in to  one end of the  vacuum c lean e r u n it 
u n t i l  a firm  f i t  was e s ta b lish e d .
Â vacuum l in e  was a ttach ed  to  th e  h a rv es tin g  u n it  and th e  p o ly cy c lic - 
co n ta in in g  adsorbent was vacuumed from th e  d e lin e a te d  zones to  accumulate 
in  th e  f i l t e r  t r a p .  The vacuum l in e  was then removed and th e  f i l t e r - e n d  
was in s e r te d  through a vacuum chamber cork in to  a 1 0 - m i l l i l i t e r  volum etric 
f la s k  as shown in  F igure 3. When a t ig h t  s e a l was e s ta b lish e d  in  th e  rub­
ber s to p p e r , th e  vacuum hose was a tta ch ed  to  the  s id e  arm of th e  vacuum 
b o t t l e .  Hot methanol was then added to  the  d i s t i l  end of th e  vacuum 
c lean e r u n i t  and drawn by a c a re fu l a p p lic a tio n  of the  vacuum onto the  
adsorbent and th e  f i l t e r .  The vacuum was shut o ff  fo r  a b r ie f  period  to  
allow th e  compound in  th e  adsorbent to  go in to  so lu tio n . As soon as so lu ­
t io n  was accom plished, th e  vacuum was tu rned  on again  and th e  so lu tio n  was 
drawn in to  th e  volum etric  f la s k .  For convenience a complete s e t  of vacuum 
apparatus (shown schem atically  in  F igure  4) was a v a ila b le  fo r  each zone 
numbered on th e  p la te s ,  and each zone was c o lle c te d  in  i t s  own correspond­
ing vo lum etric  f la s k  of so lv e n t. The c o lle c te d  adsorbent was washed w ith 
ho t methanol u n t i l  th e  washings were no longer flu o re sc en t under 3660- 
Angstrom u l t r a v io le t  l i g h t .  The vo lum etric  re c e iv in g  f la s k  was then made 
up to  f i n a l  volume w ith  m ethanol.
Study of th e  compounds thus ob ta ined  was continued by u l t r a v io le t  
spectrophotom etry . The u l t r a v io le t  abso rp tio n  spectrum in  th e  range from 
340 m illim ic ro n s  to  240 m illim icrons was obtained  by p lac in g  some of the  
sample in  methanol in  a 3 - m i l l i l i t e r  C uvette and scanning in  a Model DK2 
Beckman (double beam) spectrophotom eter.
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E arly  in  the  study i t  was r e a l iz e d  th a t  th e  zones emerging on the 
th in - la y e r  p la te s  d id  no t in  every case re p re se n t pure compounds. In  
order to  o b ta in  more re f in e d  substances i t  would have been necessary  to  
develop a com bination of o th e r adsorben ts and developers fo r  fu r th e r  th in -  
la y e r  a p p lic a tio n s . The p o s s ib i l i ty  of o th e r adsorben ts such as aluminum 
oxide and s i l i c a  and o th e r developers such as pen tane , a lco h o l, and e th e r 
was to  some ex ten t explored  and w i l l  be d iscussed  l a t e r .
In  view of the  purpose of th e  study , which was to  compare the  
assortm ent of p o ly cy c lics  in  carbon b lack , in  new ru b b e r, and in  rubber 
which was to  some ex ten t aged and abraded, i t  was decided to  approach 
the  comparison through the  behavior of the  compounds on th e  th in - la y e r  
p la te s  and by means of da ta  on th e i r  re sp e c tiv e  ab so rp tio n  sp e c tra . 
Comparison of the  s tandards w ith  th e  unknown zones from th e  m a te ria l 
s tu d ie d  showed th a t  th e re  were some compounds p re sen t in  th e  m a te ria ls  
from carbon b lack  and rubber which were no t re p re se n te d  among th e  s tan d ­
ards a v a ila b le . Though th e  exact n a tu re  of th ese  compounds was not known, 
o th e r than  through th e i r  f lu o re sc e n t p ro p e r tie s  and p o ss ib le  abso rp tion  
sp e c tra , i t  was n ev e rth e le ss  p o s s ib le  to  compare th e  two re sp e c tiv e  groups 
o f compounds by no ting  th e i r  re s p e c tiv e  p o s i t io n s , c o lo rs , g ra d a tio n s , ab­
so rp tio n  sp e c tra , and c o n ce n tra tio n s .
In  sev e ra l in s tan ces  i t  was p o ss ib le  to  id e n t i fy  p o ly cy c lic  com­
pounds which were common to  a l l  th re e  of th e  m a te r ia ls  e x tra c te d  by com­
p a riso n  of th e  th in - la y e r  chromatograms of th e  recovered  products w ith  
those  of known p o ly cy c lic  compounds. The d is tan ces  and co lo rs  o f zone 
m ig ra tions were p a r t ic u la r ly  u se fu l fe a tu re s .  The te n ta t iv e  id e n t i f i c a ­
t io n s  were v e r i f ie d  by comparison of th e  ab so rp tio n  s p e c tra  of the
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recovered  p roducts w ith th a t  of known p o ly c y c lic  compounds. In  th is  
manner i t  was a lso  p o ss ib le  to  compare ab so rp tio n  s p e c tra  of th e  r e ­
covered p roducts even though no s tan d ard s  were a v a ila b le .
According to  Leigh-Dugmore (42) a ty p ic a l fo rm ulation  fo r v eh icu la r 
t i r e  rubber i s  35 p a r ts  of carbon b lack  to  a t o t a l  o f 151.70 p a r ts  by 
w eigh t, or approxim ately 23 per c e n t. The w eights of carbon b lack , 
ru b b er, and lung t is s u e  e x tra c te d  are;shown in  Table 2.
The monkey lungs shown in  T able 2 were autopsy specimens from 
anim als exposed to  channel b lack  and fu rnace  b lack  re s p e c tiv e ly . The 
lung t i s s u e  o f th ese  specimens was p rocessed  in  a manner d i f f e r e n t  from 
th a t  used w ith  th e  o th e r sam ples. The lung t i s s u e  was no t t r e a te d  in  a 
Soxhlet e x tra c to r  w ith benzene bu t was f i r s t  d ig e s ted  w ith  a lco h o lic  po­
tassium  hydroxide according to  th e  method of B lackstock (43), and a de­
te rm in a tio n  of th e  weight of carbon b lack  made. This f r a c t io n  of carbon 
b lack  was then  e x tra c te d  w ith h o t benzene and th e  volume of e x tra c t  r e ­
duced to  50 m i l l i l i t e r s  as were a l l  of th e  o th e r e x t r a c ts .  The lungs 
were in c luded  in  th e  study p r im a rily  to  in v e s t ig a te  th e  a p p l ic a b i l i ty  of 
th e  th in - la y e r  methods to  b io lo g ic a l problems of carbon b lack  exposure. 
The r e s u l t s ,  th e re fo re , of th e  b io lo g ic a l  specimens a re  no t of th e  same 
im p lic a tio n  as those  a r is in g  from th e  comparison of carbon b lack  and ru b ­
b e r . Attem pts were made by means o f N,N-dimethylformamide e x tra c tio n s  to  
improve th e  recovery  of p o ly c y c lic s  from lung t i s s u e ,  bu t th i s  was no t 
very  su cc e ss fu l because of the  fo rm ation  of em ulsions. By observing 
th in - la y e r  chromatograms of th e  carbon b lack  e x tra c ts  of monkey lungs 
i t  was expected th a t  th e  p resence  or absence of some p o ly cy c lic  com­
pounds cou ld  be observed.
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TABLE 2
WEIGHTS OF MATERIALS EXTRACTED
MATERIAL EXTRACTED WEIGHT OF MATERIAL 
EXTRACTED (Grams)
WEIGHT OF CARBON 
BLACK ÉRESENT pcæé
Carbon b lack  (furnace) 
fu rn ish ed  by Goodrich 
T ire  Company
329.5 329.5
New t i r e  rubber 




from o ld  t i r e s
316.7 73.1
Monkey lungs 





C erta in  assum ptions were apparent in  th i s  exp lo ra to ry  work. There 
i s  co n sid erab le  v a r ia t io n  in  th e  amounts of furnace b lack  employed in  the  
m anufacture of autom obile t i r e s .  There i s  some v a r ia t io n  in  the  p o ly cy c lic  
con ten t of fu rnace  b lack  prepared  even from day to  day. I t  i s  assumed 
th a t  th e  carbon b lack  fu rn ish ed  th e  la b o ra to ry  by th e  B. F. Goodrich Com­
pany i s  of th e  same general type as th a t  used in  the  t i r e  rubber w ith  
which th e  comparison was made. I t  i s  a n tic ip a te d  th a t  t h i s  p re lim in ary  
work w i l l  p rov ide  a b a s is  fo r  th e  id e a liz e d  experim ent, i . e . ,  one in  
which a l l  o f th e  carbon b lack  s tu d ie d  w il l  be fa c tu a l ly  known to  be the 
same as th a t  used in  the  t i r e s .
I t  i s  to  be noted  a lso  th a t  th e  abraded rubber fu rn ish ed  by th e  
Bureau o f S tandards had mixed w ith  i t  an ab rasiv e  powder, alum ina, which 
was used in  th e  a c c e le ra te d  la b o ra to ry  w earing p ro cess . For th a t  reason
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the  c a lc u la tio n  of the  amount of carbon b lack  in  th a t  p a r t ic u la r  sample 
I s  only a f i r s t  approxim ation. The presence of alumina a lso  reduces the  
e ff ic ie n c y  w ith  which th e  p o ly cy c lic  compounds can be recovered  by ben­
zene and N,N-dlmethylformamide e x tra c tio n . Y ields of p o ly cy c lics  In  th is  
study from rubber con ta in ing  ab rasiv es  were minimal.
E arly  In  th e  study attem pts were made to  proceed In  th e  an a ly s is  
d ir e c t ly  from th e  benzene e x tra c t  to  th e  th in - la y e r  p la te .  These a ttem pts 
were su ccessfu l In  th e  case of carbon b lack  e x tr a c t ,  b u t they f a i le d  com­
p le te ly  In  th e  case of benzene e x tra c ts  of rubber p ro d u c ts . No sep a ra tio n  
of th e  p o ly cy c lics  In to  zones could be observed when th e  e x tra c t was 
sp o tted  d ire c t ly  onto c e l lu lo s e . The p o ly cy c lic s  were found In  th is  p a r ­
t i c u la r  In stance  to  be p re sen t In  a long, b lue  f lu o re s c e n t, homogeneous 
smear on th e  p la te .  Attempts to  r e c t i f y  th is  by f i r s t  p assing  the  benzene 
e x tra c t  of rubber s e r i a l l y  through columns of alumina and s i l i c a  were un­
s u c c e ss fu l. However, I t  was p o ss ib le  to  p repare  th e  benzene e x tra c t  of 
rubber fo r  sep a ra tio n  on th in - la y e r  p la te s  by u t i l i z in g  so lv en t system s. 
Both dim ethyl su lfo x id e  and N ,N-dlmethylf ormami de were explored fo r  th is  
purpose and N,N-dlmethylformamide proved more s u i ta b le .  The procedure Is  
described  below.
The benzene e x tra c t  of rubber was c a re fu l ly  evaporated  and th e  
re s id u e  taken  up In  about 50 m i l l i l i t e r s  of warm iso o c tan e . As soon as 
a l l  o f th e  re s id u e  was In  so lu tio n  the  volume of Isooc tane  was reduced 
w ith  g e n tle  h ea t to  15 m i l l i l i t e r s .  This p o rtio n  was then  e x tra c te d  In 
a 125 m i l l i l i t e r  sep a ra to ry  funnel th re e  su ccessiv e  tim es w ith  15 m i l l i ­
l i t e r s  of a so lu tio n  o f 80 per cen t N, N- dime thy 1 f  ormami de in  w ater. These 
th re e  successive  e x tra c tio n s  were added to  a 2 5 0 - m l l l l l l te r  sep ara to ry
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fu n n e l. To th is  accum ulation were added 50 m i l l i l i t e r s  of iso octane  and 
50 m i l l i l i t e r s  of w ater in  th a t  o rd e r, and th e  funnel was shaken v ig o r­
ously  fo r  1 m inute. The phases were then allow ed to  sep a ra te  and the  
aqueous p o rtio n  was d isca rd ed . By th is  procedure th e  p o ly cy c lic  com­
pounds were back e x tra c te d  in to  iso octane  which was then  d rie d  w ith  an­
hydrous sodium s u l f a te .  This volume (50 m i l l i l i t e r s )  o f iso octane  was 
then reduced to  15 m i l l i l i t e r s  and th e  e x tra c tio n  w ith  N,N-dim ethyl- 
formamide was rep ea ted  two a d d itio n a l tim es. At th e  conclusion  of th ese  
e x tra c tio n s  th e  o r ig in a l  benzene had been rep laced  by iso o c tan e , and the  
f in a l  volume of iso o c tan e  was ad ju s ted  to  50 m i l l i l i t e r s  which was the  
volume of th e  o r ig in a l  benzene e x tr a c t .  The iso o c tan e  was then  sp o tted  
on th in - la y e r  p la te s ,  and th e  p o ly c y c lic s  were found to  sep a ra te  in to  
the  s ix  zones or c o n s ti tu e n ts  which were observed to  be c h a r a c te r is t ic  
of th e  carbon b lack  e x tra c ts .
CHAPTER VI 
RESULTS AND DISCUSSION
Some o f th e  adsorben ts and developers explored fo r p o s s ib le  use  in  
th i s  study a re  shown in  Tab&e 3. Three p r in c ip a l adsorbent groups, c e l lu ­
lo s e , aluminum oxide and s i l i c a ,  a re  re p re se n te d  h e re . The most s a t i s f a c ­
to ry  adsorbent fo r  th e  th in - la y e r  sep a ra tio n  of e x tra c ts  of carbon b lack , 
ru b b er, and b io lo g ic a l t i s s u e  was found to  be the c e l lu lo s e  powder d e s ig ­
n a ted  by Brinkman D is tr ib u to r s  as MN C ellu lo se  Powder 300. Many adsorb­
en ts  have a b in d e r, u su a lly  calcium  s u l f a te ,  mixed w ith th e  c e l lu lo s e  to  
g ive th e  product th e  p ro p e rty  of adhering to  th e  g la ss  p la te s .  The 
MN 300 c e l lu lo s e  of Brinkman, however, i s  p repared  w ithout a b in d er and 
adheres to  th e  p la te s  s u f f ic ie n t ly  w ell i f  th e  p la te s  a re  thoroughly  
c lea n . There was some tendency fo r  th e  adsorbent lay e r to  f la k e  o f f ,  
bu t th is  was overcome by c a re fu l han d lin g . The m ic ro c ry s ta l l in e  c e l lu ­
lo se  of EMC C orpora tion , Marcos Hook, Pennsylvania, i s  a lso  a  product 
w ithout a b in d e r , and i t  has th e  advantageous p ro p erty  of form ing a 
c lo se ly  adhering  parchm ent-like  su rfa c e . I t  has the  u n s a tis fa c to ry  prop­
e r ty  of n o t sep a ra tin g  p o ly cy c lic  compounds, a t  le a s t  under th e  co n d itio n s  
encountered in  th i s  s tudy .
Sawicki (25) has re p o rte d  th a t  a c e ty la te d  c e llu lo se  adso rben ts  were 
very s a t i s f a c to r y  fo r  th e  th in - la y e r  sep a ra tio n  of p o ly c y c lic s  from a i r  
p o llu tio n  p ro d u c ts . A s e r ie s  o f c e l lu lo s e  adsorbents rang ing  from 20
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to  40 per cen t a c e ty la te d  vas t r i e d  on carbon b lack  and rubber e x tra c ts  
but w ith  very  l i t t l e  success.
Sawicki (25) has re p o rte d  th a t  a m ixture  of N,N-dimethyIformamide 
and w ater was s u ita b le  as a developer fo r  s e p a ra tio n  of p o ly cy c lics  r e ­
covered from a i r  p o l lu ta n ts .  I t  was th e re fo re  lo g ic a l  to  in v e s t ig a te  
th is  so lv en t combination fo r  th e  th in - la y e r  se p a ra tio n  o f the  products 
recovered  from carbon b lack  and rubber. S evera l p ro p o rtio n s  were s tu d ied  
fo r th e i r  re so lv in g  p ro p e r tie s  on d if f e r e n t  ad so rb en ts , and the  most s a t ­
is fa c to ry  developer was found to  be a m ixture  of equal p ro p o rtio n s  of 
N ,N -dim ethylf ormami de and w ater when used on th e  adsorben t MN C ellu lo se  
300 by Brinkman. The r e s u l t s  a re  shown in  Table 3.
So l i t t l e  success was experienced w ith  th e  use  of aluminum oxide 
as an adsorbent th a t  i t  was concluded th a t  th e  p o ly c y c lic s  were not 
s ta b le  under th e  co n d itio n s  o f development.
The S i l i c a  Gel G of Brinkman gave no s a t i s f a c to r y  r e s u l t s .  Both the  
alumina and s i l i c a  adsorbents were used inccom bination w ith  d if fe re n t  
developers, a l l  of which f a i l e d  to  g ive s a t i s f a c to r y  perform ance. The 
r e s u l t s  a re  recorded  in  Table 3 in  re c o g n itio n  o f th e i r  p o ss ib le  a p p li­
c a b i l i ty  in  o th e r c ircum stances.
Benzene e x tra c ts  of carbon b lack  w ithout fu r th e r  chemical trea tm en t 
were found to  be s u ita b le  fo r  sp o ttin g  on th in - la y e r  c e llu lo se  p la te s  fo r 
development and se p a ra tio n . A sample of fu rnace  b lack  weighing 297 grams 
(see  Table 2) was e x tra c te d  fo r  sev e ra l hours in  a Soxhlet e x tra c to r  w ith  
b o il in g  benzene. The ra th e r  la rg e  volume o f benzene was then reduced to  
le s s  than  50 m i l l i l i t e r s  and made up to  ex ac tly  50 m i l l i l i t e r s  in  a volu­
m e tric  f la s k .  A 5 -m ic ro lite r  sample was then  sp o tte d  on a th in - la y e r
tÂBLE 3










MN C ellu lo se  300 237 DMF:water
40:60
1.5 Benzene e x tra c t 
o f carbon b lack
u n sa tis fa c to ry
MN C e llu lo se  300 237 IMF:water 
30:70
1.5 Benzene e x tra c t 
of carbon b lack
u n sa tis fa c to ry
MN C ellu lo se  300 250 DMF:water 
50:50
2.0 Benzene e x tra c t 
o f carbon b lack
s a t is f a c to ry  
6 d i s t in c t  zones
MN C ellu lo se  300 250 IMF :water 
50:50
2.0 Benzene e x tra c t 
o f rubber
u n sa tis fa c to ry
MN C ellu lo se  300 250 DMF:water
50:50
2 .0 Benzene e x tra c t of 
rubber:DMF so lv en t
s a t is f a c to ry  
6 d i s t in c t  zones




overn ight Benzene e x tra c t  of 
ru b b er: DMF so lv en t
u n sa tis fa c to ry
A cety lated  c e llu lo s e  
S e rie s  40%-20%
250 M ethanol- 
e th e r-w a te r 
4-4-1
2.0 Benzene e x tra c t of 
rubber: DMF so lv en t
u n sa tis fa c to ry
A cety lated  c e llu lo s e  
S e rie s  407.-20%
250 , Petroleum  
e th e r : methanol 
99.25:0 .15
0 .3 Benzene e x tra c t  of 
rubber: DMF so lv en t
u n sa tis fa c to ry
Aluminum oxide G 250 P en tan e :e th er 
19:1
0 .28 Benzene e x tra c t  o f 
ru b b e r: IMF so lven t
u n sa tis fa c to ry
S i l ic a  Gel G 250 P en tan e :e th er 
19:1
0.28 Benzene, e x tra c t  of 
ru b b er: DMF so lv en t
u n s a tis fa c to ry
A vicel SF 250 DMF:water 
50:50
2 .0 Benzene e x tra c t  of 
rubber : DMF so lven t




c e llu lo se  p la te  and developed in  N,N-dim ethylf  ormami de and w a ter. In ­
sp ec tio n  under 3660-Angstrom u l t r a v io le t  l ig h t  showed a se p a ra tio n  of 
f lu o re sc e n t compounds in to  s ix  d i s t in c t  zones, as shown in  F igure  2, which 
were numbered bottom  to  top from 1 to  6. The apparen t co lo rs  under u l t r a ­
v io le t  l ig h t  a re  shown ad jacen t to  the  zones. These s ix  zones were s e le c ­
ted  because of th e i r  prominence in  a l l  e x tra c ts  of carbon b lack  and carbon 
b lack  p roducts s tu d ie d . Their general arrangem ent a f t e r  development i s  
shown in  F igure  5 . These zones, th e i r  c o lo rs , d is ta n ce s  o f m ig ra tio n , 
and g rad a tio n s  in to  o th e r zones a re  in v a lu ab le  landmarks fo r  th e  compari­
son of e x tra c ts  from d if f e r e n t  sou rces. By vary ing  th e  p ro p o rtio n s  of 
the  developer c o n s t i tu e n ts ,  or by the  use of o th e r developers, i t  was 
p o ss ib le  to  o b ta in  more zones than the  s ix  s e le c te d , bu t no t in  such 
d is c re te  a re a s .
The s ix  d i s t in c t  zones were h arvested  from a s e r ie s  of p la te s  u n t i l  
th e  c o n cen tra tio n  of p o ly c y c lic s  was g re a t enough fo r  th e  determ ina tion  
of the  u l t r a v io le t  ab so rp tio n  spectrum of each.
The r e l a t iv e  p o s it io n s  of the  comparable zones ob ta ined  from carbon 
b lack , abraded rubber from o ld  t i r e s ,  and abraded new rubber from the  
Bureau of S tandards a re  shown in  F igure 5 . The f ra c t io n s  sep a ra ted  from 
carbon b lack  and from abraded aged rubber re p re se n t th e  same q u a n ti t ie s  
of carbon b la ck . The f r a c t io n  separa ted  from th e  new rubber abraded by 
the  Bureau of S tandards i s  much weaker because o f th e  d i f f i c u l ty  in  ex­
tr a c t in g  th e  p o ly c y c lic  m a te r ia l from rubber which was mixed w ith  the  
alumina used as an a b ra s iv e . There was th e  fu r th e r  d i f f i c u l ty  o f c a l ­
c u la tin g  th e  amount of carbon b lack  rep re sen ted  s in ce  th e  w eight of 
ab rasiv es  mixed w ith  th e  sample was no t known. Though the  abraded new
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Zo n e  3  
3,4-BENZPYRENE
-Zo n e  2
Zo n e  i  
Cor o n en e
P uI b e p  Ru b b e r  Stanoarps
NEW
F igure  5 . P a r a l le l  chromatograms of recovered  p roducts and 
s tan d ard  compounds fo r  comparison of c o lo rs , zones, and d is tan ces  
of zone m ig ra tio n . ■
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rubber i s  no t d isp lay ed  on a q u a n tita t iv e  b a s is ,  the  assortm ent and 
r e la t iv e  co n cen tra tio n s  of th e  s ix  zones a re  s t r ik in g ly  s im ila r  to  the  
s ix  zones observed in  th e  o ther two sep a ra tio n s .
One unusual fe a tu re  of the  chromatograms e x is ts  in  th e  p o s it io n  of 
the  f ro n ta l  zones of both  rubber e x tr a c ts .  In  th ese  two in s ta n c e s , the  
p o s itio n  of the  s ix th  zone lagged fa r th e r  behind the  so lv en t f ro n t than 
was tru e  in  th e  case of corresponding products recovered from the  carbon 
b lack . The zones a re  o f the  same co lo r and r e la t iv e  p o s itio n s  and th e i r  
abso rp tion  sp e c tra  a re  the  same. The d iffe re n c e  a r is e s  because some sub­
stance  brought over from the rubber e x e r ts  i t s  in flu en ce  near th e  so lv en t 
f ro n t. This i s  a s i tu a t io n  which has been observed by o th er workers in  
th in - la y e r  chromatography.
By observing th e  assortm ent of p o ly cy c lic s  ex h ib ited  in  th e  chrom at­
ograms prepared  from carbon b lack  and from eq u iv a len t q u a n ti t ie s  o f abraded 
aged rubber as shown in  F igure  5, i t  was concluded th a t  th e re  were few, 
i f  any, d if fe re n c e s  in  th e  number, k in d , or co n cen tra tio n  of the  p o ly ­
c y c lic s  p re se n t. P a r t i a l  evidence fo r  th is  conclusion  was forthcom ing 
from a comparison of th e  abso rp tio n  sp ec tra  of th e  recovered  p roducts .
The to ta l  q u a n t i t ie s  o f the  p o ly cy c lics  ex h ib ited  by chromatography 
of the  abraded new rubber were much le s s  than those observed in  the  o ther 
two m a te r ia ls . The number, sp e c ie s , o rd e r, and co lo rs  of th e  components 
were s t r ik in g ly  p a r a l l e l ,  however.
Each of th e  s ix  zones observed on the  th in - la y e r  p la te s  was b e liev ed  
to  c o n s is t of one or more p o ly cy c lic  compounds. Though a m ixture of sub­
stances was p re se n t, i t  was p o ss ib le  to  gain  some in s ig h t in to  the  id en ­
t i t y  of th e  p o ly c y c lic  compounds. Benzene so lu tio n s  of coronene.
42
3,4-benzpyrene, 1,2-benzpyrene, flu o ran th en e , and pyrene were sp o tte d  in  
p a r a l le l  development on the  p la te s .  The zones were then found to  a lig n  
in  co lo r and p o s it io n  w ith th e  follow ing s tan d a rd s: 
zone 1 w ith  coronene 
zone 2 w ith  no standard  a v a ila b le  
zone 3 w ith  3,4-benzpyrene 
zone 4 w ith  1,2-benzpyrene and fluo ran thene  
zone 5 w ith  pyrene and fluo ran thene 
zone 6 w ith  no standard  a v a ila b le .
This i s  shown schem atically  in  F igure 5.
I t  was th e re fo re  concluded th a t zones 1, 3, 4 , and 5 probably con­
ta in e d  coronene, 3,4-benzpyrene, 1 ,2-benzpyrene, fluo ran thene  and pyrene 
re s p e c tiv e ly , w hile  zones 2 and 6 were u n id e n tif ie d . These conclusions 
except fo r  zone 1 were supported by comparison 6f th e  ab so rp tio n  sp e c tra  
of th e  products recovered from th ese  zones.
The p o ly cy c lic  compounds p re sen t in  th e  fu rnace b lack  fu rn ish ed  by 
the  B. F . Goodrich Company were compared w ith  those  recovered  from the  
carbon b lack  p re sen t in  au topsied  monkey lun g s. The r e s u l t s  a re  d ia ­
gramed in  F igure  6. From a study of th e  chromatograms i t  was concluded 
th a t  th e  B. F . Goodrich furnace b lack  and th e  furnace b lack  from monkey 
lungs were s im ila r  in  th a t both contained  1 ,2-benzpyrene, pyrene, and 
p o ssib ly  fluo ran thene  w ith two u n id e n tif ie d  compounds p re sen t in  each 
occu rring  a t  zones 2 and 6. The two carbon b lacks were d is s im ila r  in  
th a t  fu rnace  b lack  from monkey lungs con tained  no coronene or 3 ,4 -benz­
pyrene.
The chromatograms of the  channel b lack  from lung t i s s u e  appeared as
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a s in g le  weakly f lu o re sc e n t b lu e  s tre a k  w ith  no se p a ra tio n  in to  d i s t in c t  
zones. I t s  general appearance i s  shown in  F igure 6. This r e s u l t  may be 
a t t r ib u ta b le  to  the. low co n cen tra tio n  of p o ly cy c lic  compounds noteworthy 
o f  some channel b la ck s . The presence of ty p ic a l flu o rescen ce  in  th is  in ­
s tan ce , however, i s  alm ost c e r ta in  evidence th a t  some p o ly cy c lic s  were 
p re se n t. Y ields of t i s s u e  p o ly cy c lic s  in  th is  study  were low because of 
the  d i f f ic u l ty  w ith  em ulsions. Because of the  low co n cen tra tio n s  a v a i l ­
ab le  no ab so rp tio n  s p e c tra  could be ob ta ined  from th e  products recovered  
from lung t i s s u e .  This s i tu a t io n  p o in ts  up the  value  of fluo rescence  
comparisons on th in - la y e r  p la te s  when p o ly cy c lic s  a re  p re sen t in  very 
sm all q u a n t i t ie s .
The ab so rp tio n  sp e c tra  o f th e  p o ly cy c lics  recovered  a t  zone 1 from 
Goodrich fu rnace b lack , abraded aged ru b b e r, and abraded new rubber a re  
shown in  F igure  7. The fu rnace  b lack  spectrum shows enough d e ta i l  to  
in d ic a te  th e  presence of coronene, the  abso rp tio n  spectrum  of which ap­
pears in  F igure  7 as a very th in  dashed l in e .  The fu rnace b lack  and 
coronene s tan d ard  have common ab so rp tio n  maxima a t  337, 332, 324, and 
301 m illim ic ro n s . The sp e c tra  of the  corresponding zones from aged and 
new rubber resem ble th e  s tan d ard  in  only th e  most gen era l fe a tu re s .
Since th e  absorbance values of th e  carbon b lack  product and th e  aged 
rubber product l i e  r e l a t iv e ly  c lo se  to g e th e r i t  i s  surm ised th a t  no 
g re a t d iffe ren c e  in  co n cen tra tio n  e x is t s ,  even though th e  spectrum of 
the  rubber product i s  clouded by extraneous m a te r ia ls .
No s tan d ard  p o ly cy c lic  confound was a v a ila b le  whose absorbance 
spectrum could be compared w ith  th a t  of th e  product from the  second 
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Figure 6. Comparison of the chromatograms of furnace black,
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Figure 7. The absorption spectra of coronene and the products
accumulating at the first zone.
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recovered a t  th i s  zone a re  e x h ib ited  in  F igure 8. I t  i s  l ik e ly  th a t  
more than one compound has accumulated h e re . The s l ig h t  v a r ia t io n  in  
p o s itio n  and co lo r of  th is  zone in  rep ea ted  p la tin g s  c o n s t i tu te s  some 
argument fo r  regard ing  th is  zone as encompassing more than one compound. 
C oncentrations of th is  product in  th e  fre e  furnace b lack  and in  the  
furnace b lack  in co rpo ra ted  in  the  rubber a re  b e liev ed  to  be very near 
the  same. Some c o rre c tio n  should be allowed fo r the  sev e ra l so lven t 
system trea tm en ts  necessary  fo r  th e  rubber. The ab so rp tion  spectrum  of 
zone 2 from th e  new rubber has been s h if te d  upward along the  absorbance 
sc a le  in  order th a t  i t s  maxima might be observed in  ju x ta p o s itio n  w ith 
th e  comparable p roduct.
Â comparison of the  ab so rp tio n  sp e c tra  of the  products which accumu­
la te d  a t  zone 3 i s  shown in  F igure 9. The absorp tion  maxima a t  328, 315 
and 282 m illim icrons a re  such as to  in d ic a te  the  presence of 3 ,4 -benz- 
pyrene in  the  aged rubber. The abso rp tion  sp ec tra  of the  recovered 
products a re  rem arkably p a r a l le l  though d e f in i t io n  of d e ta i l  i s  much 
le s s  fo r the  rubber products than  fo r  the  furnace b lack .
The abso rp tion  sp ec tra  of the  products from each of the  th re e  
sources accumulated a t  zone 4 a re  shown in  F igure 10. In  F igures 10/
12, 14, 15, and 17 the  d is c o n tin u ity  of the  curves a r is e s  because 
some of the  abso rp tio n  bands occur a t  absorbance values g re a te r  than
1 .0 . The sp ec tra  of m a te r ia l from the  carbon b lack  and from aged rub ­
ber shown in  F igure  10 a re  very s im ila r  both in  co n cen tra tio n  and in  
the  lo c a tio n  of abso rp tion  maxima; however, the  abso rp tio n  sp e c tra  ob­
ta in e d  from th e  new rubber fo r  th is  p a r t ic u la r  zone correspond to  the  
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Figure 9. The adsorption spectra of 3,4-benzpyrene and the
products accumulating at the third zone.
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p o ly cy c lic  compound a lig n in g  in  th i s  chrom atographic zone i s  l?2 -benz- 
pyrene. I t s  spectrum, a lso  shown in  Figure 10, i s  much more sharp ly  de­
lin e a te d  than  th a t  obtained  from th e  carbon b lack  or rubber p roducts . 
However the  agreement of th e  sp e c tra  of the  recovered  products w ith  th e  
s tandard  i s  such as to  in d ic a te  th a t  1,2-benzpyrene i s  p re se n t.
The abso rp tion  sp e c tra  of the  products which occurred  a t  zone 5 a re  
shown in  F igure  11. The m a te ria l from the fu rnace b lack  and from th e  
aged rubber c o rre la te  very c lo se ly  in  a l l  d e ta i l s .  Even the  m a te r ia l 
from th e  new rubber has corresponding absorp tion  maxima. The s tandard  
p o ly cy c lic  compound appearing a t  th i s  zone i s  pyrene and i t s  ab so rp tio n  
fe a tu re s  a re  a lso  shown in  F igure  11. The in te n s i ty  of the  fluo rescence  
of th is  zone and the  heavy ab so rp tio n  bands in d ic a te  th a t  pyrene i s  p re s ­
ent in  g re a te r  q u an tity  than was tru e  of any o th e r p o ly cy c lic  so fa r  
s tu d ie d . The abso rp tion  sp e c tra  o f these m a te r ia ls  and s tan d ard  pyrene 
a re  d isp layed  in  th e  wavelength range from 340 m illim icrons to  270 m i l l i ­
m icrons. Good absorp tion  d a ta  were a lso  ob ta ined  in  th e  reg ion  from 270 
to  230 m illim icrons and th e  d e ta i l s  a re  shown in  F igure  12. The most 
s t r ik in g  d e ta i l  i s  the  occurrence of a shoulder a t  about 237 m illim ic ­
rons a f te r  the  maximum a t 240 m illim ic ro n s. This c o n fig u ra tio n  i s  com­
mon to  both th e  furnace b lack  product and th a t  o f th e  aged rubber. I t  
i s  no t ex h ib ited  in  th e  corresponding p o s itio n  fo r th e  product from new 
ru b b er. There i s  a fu r th e r  anomaly in  th a t  th is  shoulder i s  only fa in t ly :  
suggested by the  pyrene s tan d a rd . This i s  some in d ic a tio n  th a t  s t i l l  
o th e r p o ly cy c lic s  have accumulated a t  th is  reg io n . These p a r t ic u la r  
sp e c tra  w i l l  be d iscussed  in  th e  l ig h t  of some comparisons which w il l  
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Figure 11. The absorp tion  sp e c tra  of pyrene and th e  products accum ulating a t  th e  f i f t h  zone 
(340-265 m illim ic ro n s ) .
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Figure 12. The abso rp tion  sp e c tra  of pyrene and th e  products accum ulating a t  th e  f i f t h  zone 
(265-225 m illim ic ro n s ) .
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The p roducts which accum ulated a t  zone 6 were very s t r ik in g  fo r 
th e i r  b r i l l i a n t  pu rp le  flu o rescen ce  on th e  chrom atographic p la te .  I t  
cou ld  be surm ised th a t  a f lu o re sc e n t product had accumulated th e re  in  
very h igh  c o n cen tra tio n , bu t an exam ination of th e  corresponding absorp­
tio n  sp e c tra  shown in  F igure  13 did  no t bear th is  o u t, a t  le a s t  in  th e  
range o f 342-260 m illim ic ro n s . The sp e c tra  o f the  th re e  products showed 
few d i s t in c t  abso rp tio n  bands though the  genera l correspondence through­
out th e  range was good. The absorbance values were such as to  in d ic a te  
the  recovered  products had occurred  a t  about th e  same c o n cen tra tio n s .
From th e  d e ta i ls  of th e  s tandards shown in  th e  th in - la y e r  p la te s  
and d isp lay ed  sch em atica lly  in  F igure  5, i t  would be expected th a t  th e  
p o ly cy c lic  f lu o r anthene m ight appear in  both  zones 4 and 5. From the  
appearance of the  c e l lu lo s e  p la te ,  flu o ran th en e  appears to  co n cen tra te  
in  th e  a rea  between zones 4 and 5. The ab so rp tio n  spectrum of f lu o ra n ­
thene in  th e  340 to  250 m illim ic ro n  range i s  shown in  F igure  14. The 
fu rnace  b lack  product from zone 4 i s  a lso  shown in  th is  f ig u re  in  ju x ta ­
p o s i t io n . The sp e c tra  resem ble in  some d e ta i l s  which a re  anomalous. I t  
may be assumed th a t  th e  peak observed in  th e  carbon b lack  e x tra c ts  a t  
about 317 m illim ic ro n s  corresponds to  the  peak in  th e  s tandard  a t  320 
m illim ic ro n s , w ith  th e  l a t t e r  being s h if te d  to  th e  h igher w avelength. 
This i s  a com fortable assumption u n t i l  observ a tio n  of th e  peaks a t  289 
where th e  s tan d ard  i s  s h if te d  toward the lower w avelength. The peaks 
a t  260 m illim ic ro n s  a re  in  agreement except fh a t fo r  fluo ran thene  no 
r e a l ly  sharp maximum i s  d e fin ed . This s i tu a t io n  in d ic a te s  the  p resence 
of a m ix ture  in  the  case  o f th e  carbon b lack  product and suggests th a t  
flu o ran th en e  i s  a component.
a » i -  
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Figure 13. The absorption spectra of the products accumulating at the sixth zone.
fURKACE BLACK
(zone 4) ---






0.00 2G0 2H0 S æ  290 3
WAVE LENGTH (m illim ic ro n s)
U1Ui
Figure 14. The absorption spectra of fluoranthene and the furnace black products accumulating
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F igure 15. The abso rp tion  sp e c tra  of flu o ran th en e  and th e  fu rnace b lack  products 
accum ulating a t  the  f i f t h  zone.
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Figure  15 i s  a comparison of the  spectrum  of th e  furnace b lack  
product of zone 5 w ith  th a t  of the  s tandard  flu o ran th en e  over the  same 
wavelength ran g e . The absorbance s im i la r i t i e s  between 270 m illim icrons 
and 287 m illim icrons a re  notew orthy. The occurrence of s im ila r  absorp­
t io n  bands and the  p o s i t io n  and co lo r of th e  p roducts on the  p la te  a re  
such as to  suggest th a t  flu o ran th en e  was a component of the  furnace 
b lack  product co n cen tra tin g  a t zone 5.
Some of the  d e ta i l s  of the  m olecular s tru c tu re s  of pyrene, 1,2-benz­
pyrene, and 3 ,4-benzpyrene a re  shown in  F igure  16. There is  a grouping 
o f fou r of th e  r in g s  as a nucleus which i s  common to  a l l  th re e  compounds.
Pyrene 1,2-benzpyrene 3,4-benzpyrene
F igure 16. Some d e ta i l s  of the  m olecular s t ru c tu re  of pyrene,
1 ,2-benzpyrene, and 3 ,4-benzpyrene.
D esp ite  t h i s  s t r u c tu r a l  s im ila r i ty ,  the  u l t r a v io le t  absorp tion  sp e c tra  of
1,2-benzpyrene and 3 ,4-benzpyrene a re  d i s t in c t ly  d i f f e r e n t  as i s  in d ic a ted  
in  F igure  17. I t  i s ,  th e re fo re , not l ik e ly  th a t  th e se  two compounds would 
be confused where in s tru m en ta tio n  i s  a v a ila b le  fo r  d isp lay in g  th e i r  re sp ec ­
t iv e  ab so rp tio n  s p e c tra .  Also d isp layed  in  F ig u re  17 i s  the  absorp tion
1 .2  BEN ZPY PEN E 
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F igure  17. The abso rp tio n  sp e c tra  of 1 ,2-benzpyrene, 3 ,4-benzpyrene, and pyrene.
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spectrum  of pyrene. The occurrence of th re e  approxim ately corresponding 
maxima in  th e  240-295-m illim icron reg io n  i s  a suggestion  of th e  p a ren t 
nucleus p re sen t in  pyrene and in  1 ,2-benzpyrene. Why th e se  th re e  maxima 
are  so i l l - d e f in e d  in  th e  case  of 3 ,4-benzpyrene i s  another p ro p e rty  p e r­




V ehicular t i r e  rubber i s  being abraded in to  the  environment in  ever 
in c reas in g  q u a n t i t ie s  to  become an a i r  p o llu ta n t  and to  accumulate in  
s o i l  and w ater. The presence of p o ly cy c lic  arom atic hydrocarbons in  c a r ­
bon b lack  used in  th e  p rocessing  of rubber makes abrasions from v eh icu la r 
t i r e s  a p o s s ib le  source of carcinogens. The purpose of th is  in q u iry  was 
to  develop a method fo r convenien tly  determ ining the  presence of p o ly ­
c y c lic  arom atic hydrocarbons in  carbon b lack  and v eh icu lar t i r e  rubber 
and to  a sse ss  th e  in flu en ce  of p ro cess in g , age, and ab rasion  on th e  
assortm ent and co n cen tra tio n  o f th ese  compounds. The procedure d ev e l­
oped fo r ach iev ing  th is  purpose was as fo llow s:
a) The s ta r t in g  m a te r ia l ,  e i th e r  fu rnace  b lack  or abraded v eh icu ­
l a r  t i r e  ru b b er, was e x tra c te d  fo r  24 hours w ith ho t benzene in  
a Soxhlet e x tra c to r .  I f  the  e x tra c te d  m a te ria l was fu rnace  
b lack , i t s  e x tra c t ,  a f te r  red u c tio n  in  volume, was ready fo r 
sp o ttin g  on th in - la y e r  chromatograph p la te s .  I f  th e  e x tra c t  
was of ru b b er, i t  was necessary  to  proceed through th e  fo llo w ­
ing  so lv en t systems :
1) The benzene e x tra c t  of rubber was reduced in  volume and taken 
up in  a sm all q u a n tity  of isoocbane to  be e x tra c te d  3 tim es
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su ccess iv e ly  w ith  sm all p o rtio n s  of 80 per cen t 
N,N-dimethylformamide in  w ater.
2) The accum ulated N,N-dimethylformamide was then e x tra c te d  
w ith  a m ixture  of iso o c tan e  and w ater and th e  w ater was 
d isca rd ed .
3) The iso o c tan e  was d ried  w ith  anhydrous sodium s u lfa te  and 
ad ju sted  w ith  a d d itio n a l isooctane  to  th e  o r ig in a l  volume 
o f benzene.
b) The e x tr a c t ,  in  benzene or iso o c tan e , was reduced in  volume, 
sp o tted  on a th in - la y e r  chromatographic p la te  of th e  c e llu lo se  
c a l le d  MN30G by Brinkman Instrum ents of Westbury, New York, and 
ascendingly  developed fo r 2 hours w ith a m ixture  o f N ,N-dimethyl- 
foxsmamide and w ater in  equal p ro p o rtio n s .
c) The sep a ra ted  spo ts were made flu o re sc en t under 3660-Angstrom 
u l t r a v io le t  l ig h t  to  be d e lin ea ted  and id e n t i f ie d  by comparison 
w ith  p a r a l le l  chromatograms of known p o ly cy c lic  compounds.
d) The sep a ra ted  spo ts  were h a rv ested , d isso lv ed  in  ho t methanol 
and th e i r  ab so rp tio n  sp e c tra  determ ined.
e) The id e n t i ty  of th e  recovered  products was confirmed by compari­
son of th e  ab so rp tio n  sp ec tra  w ith  th a t of known compounds. I f  
a product could no t be id e n t i f ie d ,  i t s  ab so rp tio n  spectrum and 
i t s  p la te  p o s it io n  were used to  e s ta b lis h  i t s  presence and 
r e l a t iv e  co n cen tra tio n  in  each of the  m a te r ia ls  s tu d ied .
By the  use o f th is  procedure B. F. Goodrich furnace b lack , abraded 
new v eh icu la r t i r e  rubber and abraded o ld  v eh icu la r t i r e  rubber were 
analyzed fo r th e  p resence of p o ly cy c lic  arom atic hydrocarbon compounds.
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By th in  lay e r chromatography i t  was suggested th a t  each of these  m a te r ia ls  
contained  coronene, 3 ,4-benzpyrene, flu o ran th en e , 1,2-benzpyrene and 
pyrene. U ltra v io le t  ab so rp tio n  techn iques, however, supported only the  
presence of pyrene and 1,2-benzpyrene in  th ese  th re e  sam ples. From a 
c a lc u la tio n  of the  amount of furnace b lack  used in  th e  v eh icu la r t i r e  
rubber, i t  was e s ta b lish e d  th a t  processes of m anufacture, aging and 
wear had no t reduced th e  assortm ent of p o ly cy c lics  as evidenced by th in  
lay er p la te s  or th e  co n cen tra tio n  in  in s tan ces  where abso rp tion  data  
could be ob ta ined . This means th a t  p o ly cy clic  compounds continue to  
e x is t  in  abraded v eh icu la r rubber of the  age employed in  th is  in v e s t i ­
g a tio n .
À chromatogram of the  channel b lack  showed a uniform  flu o rescen t 
s tre a k  in d ic a tiv e  of th e  presence in  low co n cen tra tio n  of p o lycyclic  
compounds. T heir id e n t i ty  could no t be e s ta b lish e d .
The th in  lay e r p la te s  in d ic a te  the  fu rnace  b lack  from monkey lungs
to  be s im ila r  to  th e  B. F. Goodrich furnace b lack  in  th a t  both y ie ld  zone
p o s itio n s  and co lo rs  corresponding to  1 ,2-benzpyrene, pyrene, fluo ran thene  
and two u n id e n tif ie d  compounds occurring  a t  zones 2 and 6. The two carbon 
b lacks were d is s im ila r  in  th a t  furnace b lack  from monkey lungs con tained  
no coronene or 3 ,4-benzpyrene. The absence of th e se  compounds could be 
explained  by assuming one of the  follow ing a l te r n a t iv e s :
1) They were absent from the furnace b lack  in h a led .
2) They were a l te re d  or were not d e tec ted  by th e  a n a ly tic a l
procedures employed.
3) They were p re sen t when th e  furnace b lack  was in ha led  bu t were 
e lu te d  and c a r r ie d  away by p h y sio lo g ica l p ro cesses .
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